Abstract Supracondylar fracture of the humerus is the second most common fracture in children (16.6%) and the most common elbow fracture. These fractures are classified using the modified Gartland classification. Type III and type IV are considered to be totally displaced. A totally displaced fracture is one of the most difficult fractures to manage and may lead to proceeding to open procedures to achieve acceptable reductions. Many surgeons are concerned about its outcome compared to closed procedures. We therefore performed a systematic review of the literature to investigate the existing evidence regarding functional and radiological outcomes as well as postsurgical complications of primary open compared to primary closed reduction.
Introduction
Supracondylar fracture of the humerus (SCFH) is the second most common fracture in children (16.6%) [1, 2] and the most common elbow fracture [3] [4] [5] [6] . Two-thirds of children hospitalized because of an elbow injury have a SCFH [3, 7] .
The age range is 5-7 years old. Boys have a higher incidence of this type of fracture, but the difference in comparison to girls seems to be equalizing, and higher rates in girls have actually been reported in some series [3, 8, 9] .
The mechanism is usually due to a fall onto an outstretched hand with the elbow in full extension (97-99% of cases). The olecranon engages the olecranon fossa and acts as a fulcrum, while the anterior aspect of the capsule provides a tensile force on the distal part of the humerus proximal to its insertion [3] .
These fractures are classified using the modified Gartland classification [10] . Type III (no cortical contact, extension of the distal fragment in the sagittal plane and rotation in the frontal plane) and type IV (described by Leitch et al. [11] as fractures with multidirectional instability) are considered to be totally displaced.
A totally displaced fracture is one of the most difficult fractures to manage because of marked swelling, difficulty in reduction and maintaining the reduction until healing takes place. This kind of fracture may be complicated by neurovascular injuries, malunion, elbow stiffness and compartment syndrome. These issues are associated with the fact that many hospitals in the world do not offer fluoroscopy, so treating these fractures may lead to open procedures to achieve acceptable reductions.
Regarding this fact, many surgeons are concerned about its outcome in comparison to the closed procedure. We therefore performed a systematic review of the literature to investigate the existing evidence regarding functional, cosmetic and radiological outcomes as well as post-surgical complications of primary open reduction compared to primary closed reduction.
Materials and methods
We performed a systematic review of the literature to identify publications dealing with functional, cosmetic and radiological outcomes in patients with totally displaced SCHFs managed with primary open reduction in comparison to primary closed reduction. An electronic search of the MEDLINE and EMBASE databases (from August 1977 to October 2009) was conducted, entering the following terms and Boolean operators: ''supracondylar fractures'' AND ''open'' AND ''closed reduction'' AND ''child''. Only papers in English were included.
Articles were considered eligible if they met the following inclusion criteria: (1) the target population consisted of children with totally displaced SCHFs; (2) each study included a comparison between primary open and primary closed reduction procedures stabilized with K-wires; (3) functional, cosmetic and/or radiological outcomes were provided; (4) post-surgical complications were described adequately.
Review articles, case reports, expert opinion articles, editorials, letters to the editor, publications on congress proceedings, manuscripts with incomplete documentation of the outcomes mentioned above, details of applied procedures and unpublished series were excluded (Fig. 1) .
The quality of the reviewed manuscripts was evaluated by two assessors (J-PM, J-RM). They independently classified the reviewed studies for the level of evidence [12, 13] (Table 1) and selected the appropriate studies based on the above criteria.
Data extracted from these articles were further analyzed for: (1) functional, cosmetic and radiological outcomes as well as (2) post-surgical complications according to the method of reduction.
Of the papers initially selected based on the search strategy of this study, three met the inclusion criteria. The levels of evidence of these studies were II (prospective comparative study) [6] and III (retrospective comparative studies) [1, 14] . Two hundred seven patients were included for the final analysis: 112 patients in the primary closed reduction group and 95 patients in the primary open reduction group (Table 1) .
To assess the functional (loss of motion) and cosmetic (carrying angle) outcomes, we used Flynn's criteria [15] ( Table 2 ). To assess the radiological outcome, we included the following items: Baumann's angle difference [3] , time to union and nonunions. Post-surgical complications described were compartment syndrome, nerve/vascular injury, pin tract infection and wound issues.
Data analysis
Functional and cosmetic outcomes were assessed using a fixed-effects meta-analysis model with the meta statistical package in STATA v. 10.0 (Stata Corp., College Station, TX) because heterogeneity was not significant in the random effects model (P value [ 0.05 in all cases). Heterogeneity was measured by means of the I statistic proposed by Higgins and Thompson. The odds ratio (OR) was weighted by the inverse variance. Differences in radiological outcome as well as post-surgical complications between the open and closed reduction groups were analyzed by the chi-square test, and P values \0.05 were considered statistically significant.
Results
We identified 164 articles after our search (Fig. 1) ; after applying our eligibility criteria, we had three manuscripts for systematic review and data synthesis [1, 6, 14] .
The patient groups were well matched at baseline for the available demographic data. The primary closed reduction group consisted of 112 patients with a mean age of 7.3 years and a mean follow-up of 19.6 months. The primary open reduction group was comprised of 95 patients with a mean age of 7.8 years and mean follow-up of 23.16 months. A total of 207 patients were included in the analysis (Table 1) . Only one article [6] reported the difference in Baumann's angle between both groups; all three articles reported both functional and cosmetic outcomes as well as the complications described before. The majority of open reductions were done using a lateral approach (51 patients), and in 44 patients a posterior approach was used.
Studies used in the analysis of the functional and cosmetic outcomes did not show evidence of statistical heterogeneity (Figs. 2a-d, 3a-d). In both groups the functional and cosmetic outcomes were divided into their subcategories for analysis according to Flynn's criteria (excellent, good, fair, poor). (Fig. 2b, c) .
Cosmetic outcome
As was done for the functional outcome, a representative forest plot for odds with a 95% confidence interval of cosmetic outcome according to Flynn's criteria in open compared to closed reduction was used. In this case, none of the subcategories showed statistically significant differences: excellent [OR: 1.13 (0.61, 2.10)] (Fig. 3a) ; good [OR: 0.96 (0.27, 3.36)] (Fig. 3b) ; fair [OR: 0.78 (0.38, 1.64)] (Fig. 3c) ; poor [OR: 1.09(0.24, 5.07)] (Fig. 3d) . However, there was a tendency to excellent results in the open reduction group.
Radiological outcome
The radiological outcome assessment included the Baumann's angle difference and times to union and nonunion (Table 3) . One study commented on the Baumann's angle difference [6] , but the other two did not. The mean difference in the primary open reduction group was 2.45°( 0-6.5), and in the primary closed reduction group it was 2.32°(0-6.5). This finding was not statistically significant (P = 0.8). All three articles [1, 6, 14] commented on time to union. The mean time to union in the primary open reduction group was 4.2 weeks, whereas in the primary closed reduction group it was 4 weeks. This finding was also not statistically significant (P = 0.374). There were no nonunions reported in either groups. All three studies mentioned complications [1, 6, 14] such as compartment syndrome, nerve/vascular injuries and infections (pin tract infection; Table 4 ); one commented on wound issues [1] such as wound infection and scarring problems. No cases of compartment syndrome were reported in either group. The nerve injuries reported were ulnar nerve injuries, and no vascular injuries occurred. The overall ulnar injury nerve rate was 5.79%. There were four ulnar nerve injuries in the primary open reduction group (4.2%) and eight ulnar nerve injuries in the primary closed reduction group (7.14%). However, this was not statistically significant (p = 0.828).
The overall pin tract infection rate was 5.31%. There were five cases in the primary open reduction group (5.26%) and six cases in the primary closed reduction group (5.35%). This difference was not statistically significant (p = 0.994). Regarding wound issues, there was only one case of a superficial wound infection, and there were no reported cases of scar problems or avascular necrosis of the trochlea.
Discussion
Supracondylar fractures can be one of the most difficult fractures to treat [16] . The incidence rate is around 17.9% [17] . The ultimate aim of any treatment of completely displaced supracondylar fractures of the humerus is the recovery of full function with no deformity or residual neurovascular deficits [1, [18] [19] [20] [21] ; this could be achieved through an anatomical reduction(decreases deformities [22] ), ideally in a single intervention [19] , which could be obtained using several methods, such as closed reduction and casting, closed reduction and percutaneous pinning, traction, and open reduction and internal fixation [23] .
Currently, the preferred approach for the treatment of displaced pediatric supracondylar fractures is closed reduction and percutaneous pinning [14, 19] ; however, this fails in up to 25% of patients [24] and requires remanipulation because of inadequate reduction or malpositioning of wires in 1-7% of patients [20] .
Often, intraoperative closed reduction attempts do not yield satisfactory alignment of the fracture [25] . Inadequate reduction in the coronal plane can produce deformities such as cubitus varus (the most common complication [16, 17] in up to 60% [17] ) or valgus and in the sagittal plane malrotation, angulation or translation, which can cause functional losses [19] . It also can be associated with inadequate or improper fixation.
As a consequence of this issue and because the treatment goal is anatomical reduction [26] , some authors have advocated open reduction and pinning as an alternative treatment [14, [27] [28] [29] [30] . Traditionally, it has been reserved for cases with primary vascular or neural disruption, open fractures, signs of Volkmann's ischemia, failure of closed reduction and severe swelling not allowing acceptable reduction [14, 16, 18, 21, 22, 26] . This means that a certain portion of the displaced fractures cannot be reduced with the closed method [22] , with the conversion rate to open reduction being between 3 and 46% [14, 25, 31] .
Some authors believe that open reduction (Fig. 4a-d ) may have worse results than closed reduction [25] as loss of motion, myositis ossificans and infection are possible complications. However, in the majority of studies, the patients in the open reduction groups had severely displaced fractures [21, 24] , thus showing a more difficult pattern [1] , which could explain the poorer results [14] . Many surgeons are concerned that this may lead to the acceptance of suboptimal fracture alignment. Controversy exists about the influence of open exposure on the functional and cosmetic outcomes as well as its complications [25, 31] . Therefore, the analyzed data are from studies in which a primary open reduction compared to a closed reduction was performed to avoid this issue.
There is no agreement among authors with regard to the functional outcome according to Flynn's criteria; we found a statistically significant overall result in favor of open reduction and pinning in the excellent subcategory as well as a statistically significant result in favor of closed reduction and pinning in the poor subcategory. This finding could be explained by the better anatomical reduction obtained using an open approach. Kumar et al. [32] treated 44 patients with open reduction and pinning and found that 95% had a satisfactory outcome. Ay et al. [33] described the results in 61 patients treated with a transverse anterior cubital approach for open reduction and pinning; the results were excellent in 72.2% and good in 27.8%. Cramer et al. [26] found that open reduction itself does not appear to cause stiffness and decrease strength. On the other hand, Reitman et al. [23] found excellent results for only a 55% of elbows. Ababneh et al. [21] concluded that the best results were achieved by closed reduction and pinning as judged by the highest incidence of excellent results and the lowest incidence of poor results. Aktekin et al. [25] found that patients treated with closed reduction and pinning had better function and a greater range of movement of the elbow. Pirone et al. [34] suggested that open reduction increased the risk of stiffness. We have to take into account that these worse results are because open reduction in those studies was performed after a closed reduction attempt, meaning that the open reduction group was made up of patients with a more difficult pattern of fractures.
In the analysis of the cosmetic outcome, we did not find any subcategory with a statistically significant result. This finding agrees with the literature. Ozkoc et al. [14] found that the cosmetic outcome did not differ between both groups. Kazimoglu et al. [1] also determined that there was no difference between both groups with regard to cosmetic evaluation.
We did not find any statistically significant result regarding the radiological outcome. No cases of nonunion were reported, and the distal humerus was an uncommon location. Time to union could be a concern for some surgeons when making a decision regarding the method of reduction. In light of our findings, we think that open reduction should not be considered an issue. There was no significant difference regarding the difference in Baumann's angle between the groups. This finding correlates with the idea that coronal plane malreduction is not an issue regarding the method of reduction.
No cases of compartment syndrome were reported. We think that although this complication occurs infrequently, it should be taken into account because of its fatal consequences if left untreated. Neurological injury is more prevalent in cases of highly displaced fractures in the presurgery setting [23] . We found an overall ulnar nerve injury rate of 5.79% after surgery; this correlates with the rates reported in the literature [14, 23, 25] . In the open reduction group, the rate was 4.2%, and in the closed reduction group, it was 7.14%. This difference was not statistically significant. Similar findings were reported by Kazimoglu et al. [1] with a 9.7% rate in the closed reduction group and a 5.4% rate in the open reduction group. Nerve injury in the open reduction group could be explained by a traction mechanism [14] , and this mostly recovers spontaneously without complications [1] . The pin tract infection rate reported in the literature ranges from 2 to 7% [14, 25] . Pirone et al. [34] suggested an increased risk of infection after open reduction, and this issue is a concern for many orthopedic surgeons. We found an overall rate of 5.31% and a lower rate in the open reduction group (5.26% vs. 5.35%). However, this finding is not statistically significant. These infections usually resolve with pin removal [25] . We think open reduction by itself does not increase the risk of infection. Wound infection is not a concern when doing an open approach; as we saw in the one case in which this occurred in our study, the infection resolves with antibiotics. Aktekin et al. [25] reported two cases of avascular necrosis of the trochlea. We did not find any cases, and because of its infrequency, this should not be a concern.
This study has some limitations. The small number of studies selected for analysis was a consequence of the strict inclusion criteria used. This allowed us to have a more valuable analysis of the effect of open reduction by itself on the different parameters described; however, the number of patients for analysis decreased. A second limitation is the inclusion of different approaches in the open reduction group, even though we think this fact is not crucial for our analysis. This is in keeping with the report by Sibly et al. [29] , who did not find a correlation between stiffness and the surgical approach, and Koudstaal et al. [35] , who compared different surgical approaches with no statistically significant differences.
Conclusion
Open reduction and pinning alone should not be a concern for obtaining an anatomical reduction in severely displaced supracondylar fractures in children, as in this study this technique has been shown to have the highest probability of excellent functional results and lowest of poor results.
We recommend starting with a closed reduction technique unless some special circumstances are present; if an anatomical reduction cannot be obtained after one or two closed attempts, an open reduction should be performed because repetitive manipulations could result in joint stiffness [1] and transient neuropraxia [24] (Fig. 5) . Obtaining an adequate anatomical reduction favors excellent to good functional and cosmetic outcomes as well as fewer complications. Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.
